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METHOD AND APPARATUS FOR PROTECTING WIRING AND 
INTEGRATED CIRCUIT DEVICE 

CROSS-REFERENCES TO RELATED APPLICATIONS 
[01] NOT APPLICABLE 

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER 
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 
[02] NOT APPLICABLE 

REFERENCE TO A "SEQUENCE LISTING," A TABLE, OR A COMPUTER 
PROGRAM LISTING APPENDIX SUBMITTED ON A COMPACT DISK. 
[03] NOT APPLICABLE 

The following embodiments of the invention relate generally to integrated 
circuits. More particularly, these embodiments relate to micromachined (MEMS) devices. 

BACKGROUND 

[04] In integrated circuits, it is common to provide various layers of material so as to 
fabricate the integrated circuit. This process is completed by depositing a passivation layer 
so as to protect the earlier deposited layers of materials. Furthermore, it is common to cap 
the integrated circuits with a plastic material to prevent their destruction. One type of 
integrated circuit, however, does not allow for such a passivation layer to be applied in view 
of the fact that the integrated circuit is comprised of an active mechanical component. 
[05] For example, in the field of micromachined (MEMS) devices, it is common to provide 
an active mechanical component, such as a mirror, that needs to be exposed to the 
atmosphere. In the case of a MEMS device that is comprised of mirrors, the mirrors need to 
be capable of receiving light transmission signals so that these transmission signals can be 
properly routed by reflection from the mirrors. Similarly, other components, for example, 
allow refraction or diffraction of various optical signals. These are merely examples, as 
MEMS devices can be comprised of other active mechanical components. Such MEMS 
devices make packaging of the integrated circuit components difficult in view of the fact that 
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a passivation layer cannot be applied to the entire circuit when such active mechanical 
components must be free to move and receive signals. 

[06] One aspect of fabrication of integrated circuits is the deposition of material so as to 
form conductors that carry electrical signals throughout the integrated circuit. This is 
5 normally accomplished by depositing a conductive material that is suitable for conducting the 
particular electrical signal throughout the integrated circuit. One such conductive material is 
polysilicon which is conductive for purposes of transmitting digital signals in integrated 
circuits. Under normal circumstances, when a traditional integrated circuit is being 
fabricated, such a conductive material would be encapsulated by other materials and possibly 

10 a passivation layer so as to protect the conducting material from being exposed to extraneous 
particles which often occur as part of the fabrication process. In the manufacture of MEMS 
devices, however, the use of such encapsulating materials is not always possible, because the 
active mechanical components cannot be encapsulated without destroying their function. 
Thus, in packaging MEMS devices, it is sometimes necessary to deposit conductors which 

15 are exposed to the atmosphere and as a result can easily be shorted by the random particles 
which exist. 

[07] For example, such random particles can occur merely as dirt particles that exist in the 
atmosphere in which the integrated circuit is manufactured. Typically, such particles are 
filtered out of the processing environment through the use of stringent filtering controls; 

20 however, such filtering does not always catch every particle. Thus, some particles still make 
it though the filtering process and are capable of shorting out exposed conductors. 
[08] More typical, however, is that the manufacturing process itself results in fragments of 
silicon that are not completely removed during the various fabrication steps of a MEMS 
device. For example, the fabrication process is typically accomplished using deposition of 

25 successive layers of material along with intermediate removal of portions of these layers of 
material. Where these layers meet, it is typical to get fragments of material from the edges 
where other material has been removed. Silicon is very brittle, and therefore pieces of silicon 
at the edges where the layers of material meet can easily flake away resulting in free particles 
that drift to other portions of the circuit. These free particles are unintended; however, they 

30 are not that uncommon. Sometimes, these particles are referred to as "stringers". 

Furthermore, stringers can result from sacrificial particles that are released during the 
fabrication process yet not entirely removed by a step of that process. For example, 
sometimes material can be intended to be etched away, yet merely broken free without 
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removal from the integrated circuit. Therefore, this can result in the stringer being free to 
migrate to other portions of the circuit. 

[09] As a result of the presence of inherent dirt and stringers, these particles can cause the 
shorting out of a conductor during operation of the integrated circuit. MEMS devices are 
5 often different from the typical integrated circuit. Namely, MEMS devices often operate at 
very high voltages with a high density of exposed conductors in a given unit of the area of the 
circuit. In contrast, a typical integrated circuit, such as a memory device, often operates at 
very low voltages with conductors that are insulated from one another. Furthermore, such 
typical insulated integrated circuit devices usually do not have exposed wiring in the density 

10 that is common in MEMS devices. As a result, MEMS devices can be prone to shorting out 
as a result of the high voltages that exist and the proximity of exposed conductors operating 
at such a high potential difference. For example, such voltages can be in the hundreds of 
volts as compared to the five (5) volt signals, for example, used in some standard integrated 
circuit memory devices. 

15 [10] Thus, there is a desire for a technique that would provide a reduction in the 

occurrence of damage to MEMS devices which is brought about, for example, by electrical 
shorting. 

SUMMARY 

20 [11] One embodiment of the invention provides a method and apparatus for reducing the 
occurrence of damage caused by extraneous particles in integrated circuits. According to this 
embodiment of the invention, a substrate is provided for a micromachined device; a 
conductor is provided as part of the micromachined device for use in conducting electrical 
signals during operation of the micromachined device; and, a protective covering is provided 

25 for the conductor so that the conductor is disposed between the substrate and protective 
covering. 

[12] According to another embodiment of the invention, a micromachined apparatus can 
be fabricated comprising a substrate; a bonding pad; a conductor disposed over the substrate; 
wherein the conductor is electrically coupled with the bonding pad; an active mechanical 
30 component disposed over the substrate, wherein the active mechanical component is 
configured to move relative to the substrate; and a protective cover disposed over the 
conductor so that the conductor is disposed between the protective cover and the substrate. 
[13] According to another embodiment of the invention, a protective covering can be 
configured for a conductor by depositing a layer of material over the conductor so as to form 
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a tunnel at least partially around the conductor. Thus the majority of the conductor can be 
protected from electrical shorts through the use of the tunnel which covers the majority length 
of the conductor. 

[14] According to another embodiment of the invention, a ground ring can be established 
5 about a conductor. Such a ground ring can be accomplished by electrically coupling a 

conductive material with the substrate of the circuit so as to provide an equipotential material 
as a protective cover for the conductor. Thus, for example, the equipotential surface can 
serve to isolate the conductor from stringers which migrate throughout the circuit. 
[15] Further embodiments of the invention will be apparent to those of ordinary skill in the 

10 art from a consideration of the following description taken in conjunction with the 

accompanying drawings, wherein certain methods, apparatuses, and articles of manufacture 
for practicing the embodiments of the invention are illustrated. However, it is to be 
understood that the invention is not limited to the details disclosed but includes all such 
variations and modifications as fall within the spirit of the invention and the scope of the 

1 5 appended claims . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[16] Fig. 1 is a cross-sectional view of a micromachined device according to one 
embodiment of the invention. 

20 [17] Fig. 2 is a plan view of a micromachined device showing bonding pads and active 
mechanical components, as well as conductors covered by protective layers and conductors 
having exposed material, according to one embodiment of the invention. 
[18] Fig. 3 is a cross-sectional view of an integrated circuit showing a protective layer of 
material covering more that one conductor according to one embodiment of the invention. 

25 [19] Fig. 4 is a flowchart illustrating a method of providing a micromachined device 
according to one embodiment of the invention. 

[20] Fig. 5 is a flowchart illustrating a method of providing a micromachined device 
according to one embodiment of the invention. 

[21] Fig. 6 is a flowchart illustrating a method of providing an integrated circuit according 
30 to one embodiment of the invention. 

[22] Fig. 7 is a flowchart illustrating a method of providing an integrated circuit according 
to one embodiment of the invention. 

[23] Fig. 8 is a flowchart illustrating a method of configuring an equipotential barrier over 
a conductor according to one embodiment of the invention. 
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[24] Fig. 9 is a cross-sectional view of the manufacturing process of an integrated circuit 
according to one embodiment of the invention. 

[25] Fig. 10 is a cross-sectional view of the manufacturing process of an integrated circuit 
according to one embodiment of the invention. 
5 [26] Fig. 1 1 is a cross-sectional view of the manufacturing process of an integrated circuit 
according to one embodiment of the invention. 

[27] Fig. 12 is a cross-sectional view of the manufacturing process of an integrated circuit 
according to one embodiment of the invention. 

[28] Fig. 13 is a cross-sectional view of the manufacturing process of an integrated circuit 
1 0 according to one embodiment of the invention. 

[29] Fig. 14 is a cross-sectional view of the manufacturing process of an integrated circuit 
according to one embodiment of the invention. 

[30] Fig. 15 is a cross-sectional view of the manufacturing process of an integrated circuit 
according to one embodiment of the invention. 
15 [31] Fig. 16 is a cross-sectional view of the manufacturing process of an integrated circuit 
according to one embodiment of the invention. 

[32] Fig. 17 is a cross-sectional view of the manufacturing process of an integrated circuit 
according to one embodiment of the invention. 

[33] Fig. 18 is a cross-sectional view of an integrated circuit illustrating a protective barrier 
20 serving as a tunnel in protecting a conductor according to one embodiment of the invention. 

DESCRIPTION 

[34] Fig. 1 illustrates a cross-sectional view of an integrated circuit according to one 
embodiment of the invention. Fig. 1 shows a micromachined device 100 having a substrate 

25 140 manufactured, e.g., from silicon. In Fig. 1, a nitride layer of material is shown deposited 
directly over the silicon layer 140. This nitride layer serves as an electrical insulator, while 
the silicon serves as a conductor. Furthermore, Fig. 1 shows a cross-sectional view of a 
conductor 120 deposited on the nitride layer. This conductor is suitable for conducting 
electrical signals in the integrated circuit. For example, such conductors are used for 

30 conducting electrical signals from a bonding pad of the chip to the input of an active 

mechanical component on a MEMS device. The cross-sectional view of Fig. 1 also shows a 
protective covering 110 erected around the conductor 120. In Fig. 1, this protective covering 
is fabricated from polysilicon, which serves as an electrical conductor. The active 
mechanical component of micromachined device 100 is shown as block 160 in Fig. 1. For 
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example, this active mechanical component can be a mirror which reflects optical signals 
received from a fiber optic cable. Other active mechanical components could include but are 
not limited to, devices which diffract or refract optical signals. The active mechanical 
component shown in Fig. 1 is shown as being capable of moving through angle theta (0). 
5 Thus, this active component is capable of moving relative to the fixed substrate 140 when the 
integrated circuit is placed in operation. The dashed lines intersecting in device 160 in Fig. 1 
illustrate the position of the active mechanical component relative to the substrate and the 
exemplary movement of the active mechanical component shown in Fig. 1 . Of course, other 
movements could be accomplished as well. As one of ordinary skill in the art would 
10 appreciate, the positioning of a mirror, for example, can be produced by layering of 

additional material between the nitride layer 150 and the active mechanical component 160. 
For purposes of clarity, these layers are not shown in Fig. 1. 

[35] While Fig. 1 illustrates a cross-sectional view of the integrated circuit , it is 
understood that the protective covering 110 need not extend along the entire length of 
15 conductor 120. Rather the protective covering can be configured so as to extend along a 
substantial portion, such as 50% or more, or even 70%, 90% or 95% of the length of the 
conductor. 

[36] Fig. 1 also illustrates a ground ring established by the protective covering 110 and 
substrate 140. In view of the fact that the protective covering sits on blocks of conductive 

20 material 112 and 116 which are electrically coupled with the silicon layer in Fig. 1, an 

equipotential circuit is established around the conductor 120. Thus, any fragment of loose 
material falling on protective cover 110 would be exposed to the ground voltage reference 
during operation of the integrated circuit. Furthermore, the only voltage to which the 
conductor would be exposed when surrounded by the ground ring would be the ground 

25 voltage. In addition, surrounding a conductor by the ground ring can help to reduce the effect 
of electrical noise, such as electromagnetic interference, on the signal carried by the 
conductor. Fig. 1 also illustrates that the conductor is adjacent material 170. This material 
could be an insulating material (such as silicon dioxide) or alternatively, if the oxide material 
is released as part of the fabrication process through the use of hydrofluoric acid (HF), for 

30 example, then the material 170 would simply be the atmosphere in which the integrated 
circuit is operating. 

[37] Fig. 2 illustrates a plan view of an integrated circuit which exemplifies various 
embodiments of the invention. In Fig. 2, bonding pads 280, 282, 284, and 286 are shown. 
Bonding pad 280 is electrically coupled with conductor 220 which in turn is electrically 
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coupled to an active mechanical device 260. Similarly, bonding pad 282 is electrically 
coupled with conductor 222 which in turn is electrically coupled with active mechanical 
device 262. Conductor 222 is protected by protective covering 210. In addition, bonding pad 
284 is coupled to active mechanical device 264 by exposed conductor 224. Similarly, 
5 bonding pad 286 is coupled to active mechanical device 266 by a protected conductor 226. 
The protective coverings 210 and 214 shown in Fig. 2 illustrate alternative ways of 
configuring a protective covering for a conductor. Namely, the protective covering for 
conductor 226 illustrates a squared off end to the protective covering. In contrast, the 
protective covering 210 illustrates a flared or funneled end to the protective covering 210. 

10 This flare is illustrated as the angled portion 212 of the protective covering 210 in Fig. 2. By 
flaring the end of the protective covering, the walls of the protective covering can be 
extended away from the exposed conductor. Thus, a stringer which lands on the integrated 
circuit is less likely to short out the exposed portion of material in view of the fact that it must 
be long enough to reach the flared wall and the exposed conductor. By widening the distance 

1 5 that the stringer must travel between the exposed conductor and the wall of the protective 
covering, the likelihood of shorting the circuit is reduced. Similarly, the height of the 
protective covering relative to the conductor could be increased at the end of a protective 
material layer so as to accomplish the same purpose in the perpendicular direction. Thus, a 
general funneling of the end of each protective covering would reduce the likelihood of shorts 

20 occurring where the protective covering ends and exposed conductors occur. Alternatively, 
the protective covering can simply be squared off as shown by protective covering 214 and 
the cross-sectional view of Fig. 1. This is perhaps a more straightforward and easier way to 
deposit material as a protective covering. Fig. 2, as a plan view, also illustrates that the 
protective covering can cover a substantial portion of an exposed conductor. Similarly, Fig. 2 

25 illustrates that protective coverings could be fabricated for alternative conductors, rather than 
all conductors. The conductors shown in Fig. 2 are merely exemplary. It is envisioned that 
many conductors will not travel in straight lines directly from a bonding pad to the active 
device. 

[38] Fig. 3 illustrates a cross-sectional view of an integrated circuit according to another 
30 embodiment of the invention. In Fig. 3, a protective covering 310 is used to cover more than 
one conductor, namely conductors 322, 324, and 326. Thus, in Fig. 3 the protective covering 
310 can be utilized to protect more than one conductor. In the example of Fig. 3, a substrate 
340 is covered with insulator material 350. The protective covering is coupled to the 
substrate 340 through deposited material 312 and 314. Thus, protective covering material 
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could be polysilicon which is coupled to a silicon substrate. The insulator material could be 
nitride or a nitride oxide combination. The intermediate material which couples the 
protective covering to the substrate could be a polysilicon or metal which can similarly be 
used for the conductors being protected. 

[39] Fig. 4 illustrates a flowchart 400 for implementing a method according to one 
embodiment of the invention. In block 410, a substrate is provided for a micromachined 
device. In block 420, a conductor is provided as part of the micromachined device. In block 
430 a protective covering is provided for the conductor so that the conductor is disposed 
between the substrate and the protective covering. 

[40] In Fig. 5., flowchart 500 illustrates a method according to another embodiment of the 
invention. In block 510, a substrate is provided for a micromachined device. In block 520, a 
conductor is provided as part of the micromachined device. In block 530, a protective 
covering is provided for the conductor so that the conductor is disposed between the substrate 
and the protective covering. In block 540, the substrate is electrically coupled with the 
protective covering. In block 550, the protective covering is configured so as to form a 
tunnel over the conductor. In block 560, the manufacture of the micromachined device is 
completed without using a passivation layer over the previously deposited layers of material. 
[41] Fig. 6 illustrates a flowchart 600 which describes a method of protecting a conductor 
in an integrated circuit according to one embodiment of the invention. In block 610 of Fig. 6, 
a substrate is provided. Block 620 shows that a bonding pad is disposed over the substrate, 
while block 630 shows that a conductor is disposed over the substrate with the conductor 
being electrically coupled with the bonding pad. Block 640 illustrates that an active 
mechanical component is disposed over the substrate wherein the active mechanical 
component is configured to move relative to the substrate. In block 650, a protective cover is 
disposed over the conductor so that the conductor is disposed between the protective covering 
and the substrate. 

[42] Fig. 7 illustrates a flowchart 700 which describes a method according to another 
embodiment of the invention. In Fig. 7, block 710 shows that a bonding pad is provided as 
part of a micromachined apparatus. An active mechanical component is provided and 
configured to move during operation of the micromachined apparatus according to block 720. 
In block 730, a conductor is deposited between the active mechanical component and the 
bonding pad. In block 740, the conductor placed between the mechanical component and the 
bonding pad is protected. 
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[43] Fig. 8 illustrates an embodiment of the invention for providing an equipotential 
barrier for a conductor in an integrated circuit. Namely, in block 810 a substrate is provided. 
As shown in block 820, a conductor is disposed over the substrate. And, in block 830, an 
equipotential barrier is configured to extend at least partially around the conductor. 
5 [44] By depositing the protective material so as to cover a substantial portion of the 
conductor, the conductor can be protected from electrical shorts without the need for 
depositing a passivation layer. Thus, the fabrication of micromachined devices can be 
accomplished without the act of depositing a passivation layer of material over the other 
previously deposited layers of material used to manufacture the integrated circuits. 

10 [45] Figs. 9 through 18 illustrate the process of fabricating a protective layer for a 

conductor according to one embodiment of the invention. In Fig. 9, a substrate of silicon 900 
is shown. On top of this layer of silicon, an oxide, such as silicon dioxide 910 is shown as 
having been deposited. Furthermore, a nitride layer 920 is shown as having been deposited. 
The nitride oxide layers form a nitride oxide stack. Thus, the silicon substrate has the 

15 property of being an electrical conductor, whereas the nitride oxide layers serve as an 
electrical insulator. 

[46] Fig. 10 illustrates that a mask can be used to create channels 1010 and 1020 in the 
nitride oxide layers. The mask used to accomplish this is shown at the top of Fig. 10. 
[47] Fig. 1 1 shows a deposited layer of conducting material 1 100. For example, in Fig. 1 1 
20 polysilicon can be used as the electrically conducting material. This polysilicon layer is 
deposited over the nitride layer so as to line the channels which were previously formed in 
Fig. 10. 

[48] In Fig. 12 an etching procedure can take place through the use of a mask. The mask is 
shown at the top of Fig. 12. This process removes the polysilicon layer leaving remnants of 

25 the polysilicon layer 1230, 1210, and 1220. Segments 1230 and 1220 serve to line the 
previously formed channel while remnant 1210 is configured by the mask to act at a 
conductor. The polysilicon deposited and etched away is commonly referred to as polyO. 
[49] Fig. 13 illustrates the deposition of an insulating layer 1300, e.g., silicon dioxide. The 
silicon dioxide layer shown in Fig. 13 serves as a sacrificial oxide layer. 

30 [50] Fig. 14 illustrates that through the use of another mask, the sacrificial oxide layer can 
be etched away. This is shown in Fig. 14 where the sacrificial oxide layer has been etched 
away immediately above the polysilicon segment, but not above the polysilicon conductor. 
[51] Fig. 15 illustrates the deposition of a second polysilicon layer 1500. This polysilicon 
layer is deposited over the previously applied sacrificial layer in Fig. 15. The polysilicon 
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layer is coupled to the previously deposited polysilicon layer which couples the second 
polysilicon layer to the silicon substrate in Fig. 15. 

[52] In Fig. 16, yet another mask is used to etch away the portions of the previously 
applied polysilicon layer. Thus, as shown in Fig. 16, the deposited polysilicon layer is shown 
5 above the conductor, yet removed above the sacrificial oxide layer. 

[53] In Fig. 17, two additional sacrificial oxide layers are applied. Sacrificial oxide layer 
1700 is deposited first, followed by sacrificial oxide layer 1710. As can be seen in the 
embodiment shown in Fig. 17, the second sacrificial oxide layer 1710 is thicker than the first 
sacrificial oxide layer 1700. These sacrificial oxide layers can be used to orient the active 

10 mechanical component. After deposition of the sacrificial oxide layers and fabrication of 

other components of the circuit, these sacrificial oxide layers can be released, such as through 
the use of hydrofluoric acid. The use of the hydrofluoric acid removes the oxide layers of 
material, but does not remove the polysilicon or nitride layers. Thus, as shown in Fig. 18, the 
removal of the sacrificial oxide layers leaves a conductor 1820 protected by a protective 

15 covering 1810a. The substrate 1840 is covered by the oxide layer 1845 and nitride layer 
1850 in Fig. 18. The protective covering 1810 is electrically coupled with the silicon 
substrate 1840 by the polyO material 1830 and 1832. Thus, the fabrication process allows the 
formation of a conductor which is at least partially covered with a protective covering. 
[54] The protective covering can be deposited in a variety of ways, for example, it can be 

20 applied as a single layer which in view of the topology of the underlying layers can form a 
tunnel around a conductor. Such a tunnel is illustrated in the cross sectional view of Fig. 1. 
This tunnel can extend along the length of the conductor. As noted earlier, this tunnel can 
extend partially around the conductor, yet be electrically coupled with other electrically 
conductive material so as to form a ground circuit around the conductor. Thus, this ground 

25 circuit would extend for the length of the tunnel. Furthermore, it is envisioned that the 
protective covering could be comprised of more than one type of material. 
[55] According to one embodiment of the invention, the equipotential barrier can be 
manufactured by utilizing polysilicon as the material for the equipotential barrier. 
Furthermore, this polysilicon material can be electrically coupled with the substrate so as to 

30 form an equipotential ring. In addition, the substrate can be electrically coupled with a circuit 
ground, such as to a bonding pad which is coupled to the circuit ground, so as to establish a 
ground ring about the conductor which is being protected. 

[56] The fabrication process has been described as locating layers of material, e.g., 
protective covering "over" another layer of material. The word "over" is intended to mean 
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above the referenced layer. For example, the substrate layer when the substrate is oriented on 
a supporting surface. However, it is not required that the two layers be succeeding layers of 
material. There can be intermediate layers of material between the two referenced layers. 
Furthermore, "equipotential ring" is understood to mean that the voltage of the ring relative 
to a reference voltage is substantially equal throughout the ring. It is recognized that due to 
the resistive properties of some materials used in the manufacture of integrated circuit 
devices, that the voltage will not be exactly equal throughout the entire ground ring. 
However, such negligible differences introduced by the materials are not considered to take 
such structures out of the definition of equipotential ring, as would be understood by one of 
ordinary skill in the art. 

[57] While various embodiments of the invention have been described as methods or 
apparatus for implementing the invention, it should be understood that some embodiments 
can be similarly implemented through code coupled to a computer, e.g., code resident on a 
computer or accessible by the computer. For example, software and databases could be 
utilized to implement many of the methods discussed above. Thus, in addition to 
embodiments where the invention is accomplished by hardware, it is also noted that these 
embodiments can be accomplished through the use of an article of manufacture comprised of 
a computer usable medium having a computer readable program code embodied therein, 
which causes the enablement of the functions disclosed in this description. Therefore, it is 
desired that embodiments of the invention also be considered protected by this patent in their 
program code means as well. 

[58] It is also noted that many of the structures, materials, and acts recited herein can be 
recited as means for performing a function or steps for performing a function. Therefore, it 
should be understood that such language is entitled to cover all such structures, materials, or 
acts disclosed within this specification and their equivalents. 

[59] In addition to embodiments where the invention is accomplished by hardware, it is 
also noted that these embodiments can be accomplished through the use of an article of 
manufacture comprised of a computer usable medium having a computer readable program 
code embodied therein, which causes the enablement of the functions and/or fabrication of 
the hardware disclosed in this specification. For example, this might be accomplished 
through the use of hardware description language (HDL), register transfer language (RTL), 
VERILOG, VHDL, or similar programming tools, as one of ordinary skill in the art would 
understand. It is therefore envisioned that the functions accomplished by the present 
invention as described above could be represented in a core which could be utilized in 
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programming code and transformed to hardware as part of the production of integrated 
circuits. Therefore, it is desired that the embodiments expressed above also be considered 
protected by this patent in their program code means as well. 

[60] It is thought that the embodiments of the present invention and many of its attendant 
advantages will be understood from this specification and it will be apparent that various 
changes may be made in the form, construction, and arrangement of the parts thereof without 
departing from the spirit and scope of the invention or sacrificing all of its material 
advantages, the form herein before described being merely exemplary embodiments thereof. 
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